To evaluate the effects of pre-and intra-operatively administered daptomycin (DAP) on the intact human primary intervertebral disc tissue cells.
Original Investigation
█ INTRODUCTION D aptomycin (DAP) is a novel lipopeptide antibiotic with strong bactericidal activity against methicillin-resistant Staphylococcus aureus (MRSA) (25, 30, 47) . Following the approval of usage issued by the United States Food and Drug Administration in appropriate cases (2), studies on DAP have gained popularity, and studies on this matter have increased (4,7,8, 29, 32, 36, 38, 40) .
In a review concerning the pharmacokinetics and pharmacodynamics of active antibiotics, the resistance mechanisms developed against these agents and in-vitro combinations of these agents were investigated (36) . In this study, clinical trials focusing on the urinary tract, intra-abdominal, central nervous system, and bloodstream system infections due to Enterococci were evaluated (36) . It has been underlined that DAP demonstrates clinical efficacy against vancomycin (VCM) resistant Enterococci (VRE) (36) . Cases in the literature demonstrated that interverbal disc infections caused by MRSA (discitis) were successfully treated with intravenous DAP (7,38).
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Rifat BIRCAN : 0000-0002-5894-5918 Hanefi OZBEK : 0000-0002- Due to antibiotic resistance stemming from the failure to comply with rational antibiotic use procedures, the search for local rather than systemic DAP applications has become popular, as this avoids these types of adverse effects, particularly in the fields of neurosurgery and orthopedic surgery (25) .
In addition to discitis, a study indicated the successful use of DAP for the treatment of ventriculostomy-associated meningitis caused by multidrug-resistant coagulase-negative Staphylococcus epidermidis (8). It has also been suggested that, in addition to surgical procedures, local antibiotic administration to the intraoperative surgical site may play a significant role in the efficacy of treatment to prevent osteomyelitis after trauma (4, 25) .
There are also reports in the literature that suggest treatment using local rather than systemic application yields more effective results against infections that form a biofilm layer (40) . However, studies reporting that the pre-and/or intraoperative irrigation of instruments with antibiotics may not be effective in preventing infection are also found in the literature (22) .
A review of publications on the side effects and/or adverse events of DAP shows that cases of severe myopathy and acute renal failure have been reported (26, 35) . In a report describing a single case (38) , it was reported that DAP may be safely used in MRSA discitis. However, in a report describing two cases a year later, the opposite opinion was reported (3).
In a study with high-evidential value in which the effects of DAP were investigated on primary human chondrocyte cultures compared to those of the VCM at the molecular level, it was emphasized that changes in cell morphology and deaths were observed in the DAP-administered culture samples after administration (25) . In addition, observing the cessation of proliferation and cell death, it was underlined that gene expression in the chondroadherin (CHAD) genewhich is a nucleus pulposus (NP) specific marker protein and responsible for the development of the dorsal column with the spinal cord-and the expression levels of the hypoxia-induced transcription factor-1 alpha and type II collagen decreased (25) .
Both positive (7, 25, 29, 38) , and negative (3, 22, 25, 26, 34) effects are referred by studies in the literature regarding DAP. However, there are no pharmaco-molecular studies of highevidential value that evaluate the efficacy of DAP on healthy and intact intervertebral disc tissue cells in the literature.
In this context, this study is the first in the literature that aims to evaluate the effect of DAP on the proliferation in the primary cell cultures isolated from intact human intervertebral disc tissue. In addition, the surface morphologies of the samples were assessed microscopically in DAP-administered culture samples. Subsequently, the gene expression levels of CHAD (25) , cartilage oligomeric matrix protein (COMP) (37), interleukin-1 beta (IL-1β) (37) , and matrix metalloproteinase (MMP)-7 and MMP-19 (37) were evaluated with real-time polymerase chain reaction (RT-PCR). One of the main extracellular matrix (ECM) components of a healthy intervertebral disc CHAD binds to integrin and collagen; it regulates cell metabolism and ECM structure with a promoting role in matrix homeostasis (16, 37) . COMP preserves the structural integrity of the ECM; it binds other matrix proteins and catalyzes the polymerization of type II collagen fibrils and also prevents cartilage from vascularization. If the tissue undergoes degeneration as a result of ECM degradation, low molecular weight degradation products form. These products can induce inflammation, promoting macrophage mediated production of IL-1b in vivo (16, 37) .
Since the disc is primarily avascular and annulus fibrosus (AF)/ NP cells themselves can produce proinflammatory cytokines, we assessed whether there was a change in IL-1β expression in our in vitro study. Increased IL-1β in a degenerating disc initiates signaling pathways that can increase MMP expression causing a cycle of matrix destruction (16, 37) . In this context, the participation of changes in the gene expression of aggrecan and collagen type II degrading enzyme MMP-7 in ECM degradation, and the association of MMP-19 with the destruction of COMP were evaluated (37) . These evaluated genetic markers were also chosen because they may elucidate the post-operative tissue healing process.
█ MATERIAL and METHODS
The research was conducted with the approval of the Local Ethics Committee of Istanbul, Medipol University School of Medicine (29.11.2017-10840098/604.01.01/E.44192). Written informed consent was obtained from all patients prior to inclusion. Analyses were performed by the same researchers and were repeated at least three times to minimize experimental errors.
Surgical Resection of the Tissueand Selection Criteria of the Cases Whose Tissue was Used
It is known that HMG-CoA reductase inhibitors, such as statins, are incompatible with DAP (35) . Therefore, one of the tissues initially obtained from seven patients was not included in the study, as one patient used statin group medication.
The age range of the six patients whose intervertebral disc tissues were resected varied from 28 to 42 years, and the mean age was 33.83 ± 4.84 years. After the evaluation of the preoperative lumbar magnetic resonance imaging, patients with spinal cord compression due to traumatic disc herniation and with a vertebral fracture in the thoracolumbar region were selected for surgical intervention. Resection of the intact disc tissues was performed through decompressive laminectomy, traumatic intervertebral disc herniation excision, and posterior transpedicular stabilization (1,19, 21, 23, 24) .
to cultures, the safe dose range of DAP indicated in studies with high-evidential value were taken into account (6,13). The main stock solution containing 1.28 µl of DAP was added to each ml of the medium to reach a final concentration of 64 µg/ ml. DAP was not added to the cultures of the control group. The analyses of both the DAP-administered cultures and non-DAP-administered cultures were performed at 0, 24, 48, and 72 hours.
Analyses Applied to the Cell Culture Samples
Evaluations of the analyses conducted at 24, 48, and 72 h were performed at a magnification of ×4, ×10, ×20, and ×40 [inverted light microscope (Olympus CKX41)]. In addition, the samples were examined using a fluorescence microscope (Leica DM 2500) at the same magnifications. Microphotographs were recorded using Cytovision Capture Station imaging software.
Membrane permeability tests were performed with acridine orange (AO) andpropidium iodide (PI) staining, which is a non-vital dye. After staining, the live cells generate green fluorescence, and the dead cells generate red fluorescence. During these evaluations, the protocols of Karaarslan et al. were used (1,19-21, 23, 24, 42, 43) .
Fixation of the cells in the control and study group samples prepared separately for Giemsa (Cat# GS500, Sigma, USA) staining was provided with a mixture of 8% glutaraldehyde and 25% cacodylate buffer. After Giemsa stain was added to the fixated culture samples, microscopic evaluations were again performed with an inverted light microscope.
The cytotoxicity and cytostatic activity of proliferating cells were measured using the MTT commercial kit (Vybrant MTT Cell Proliferation Assay, Cat#V13154, Thermo Fisher Scientific, USA), which is based on the principle that for mazan crystals generate thiazole blue coloration. The viability of the cells in the control group samples to which DAP was not initially added was considered to be 100% in MTT assays performed at 570 nm absorbance. The proliferation and inhibition of the proliferation were calculated using the following formulas, respectively: Test OD/Control ODX100 and 1-Test OD/Control OD; data were then recorded for statistical analysis (1,19-21, 23, 24, 42, 43) .
Total ribonucleic acid (RNA) was extracted from cultured primary human AF/NP cells using the PureLink RNA mini kit (Cat# 12183020, ThermoFisher Scientific, USA). RNA quantity in each sample was measured using an ultraviolet spectrophotometer. All genes were amplified using TaqMan ® Gene Expression assays for CHAD, ACTβ, COMP, MMP-7, MMP-19, and IL-1β. Quantitative RT-PCR was performed on an Applied Biosystems 7300/7500 RT-PCR system (Thermo Fisher Scientific, Inc.) (1,19, 21, 23, 24, 42) .
The statistical analyses were performed using Minitab software (version 18.0), and the data were evaluated at 95% confidence interval. Descriptive statistics were presented as a mean ± standard deviation (SD). Analysis of variance (ANOVA) was used to determine how many independent variables interacted with each other and the effects of these interactions on the dependent variable. When differences across groups were observed, Tukey's honestly significant difference (HSD) post-hoc test was used for multiple pairwise comparisons. The alpha significance value was accepted as p<0.05.
█ RESULTS
When the results of MTT analysis were evaluated, it was found that the number of viable cells in the control group cultures decreased between cultures at 0 hour and 24 hours, while the number in the experimental group to which DAP was applied increased (p<0.05) ( Figure 1 ). In microscopic examinations, it was observed that cells in both the control and administered cultures maintained their specific morphology (Figure 2A -U). When gene expressions were evaluated in cultures at 24 hours, the CHAD gene expression was slightly reduced in both the control and DAP groups relative to the 0 hour cultures, with relative quantification (RQ = 2-∆∆ Ct ) = 0.7 and In the 72-hour control group cultures, the cells reached the transient stage due to increased confluency, and it was observed that the number of viable cells was approximately the same as that of the 48 hours cultures in the MTT assay. A similar condition applies to cultures in which DAP is applied (Figure 1 ). However, in inverted microscopy examinations of AO/PI stained cultures, apoptosis and deterioration in cell morphology were defined in cultures treated with DAP (Figure 2A-U) . When gene expressions were examined in 72-hour samples, a 7.4-fold decrease in CHAD, a 3.7-fold decrease in COMP, a 4.7-fold decrease in IL-1β, and a 10fold decrease in MMP-7 expression were determined in the DAP applied cultures compared to the control group. MMP-19 gene expression remained unchanged (Figure 3) . The proliferation data obtained from the MTT analysis were statistically evaluated, and changes in the number of viable cells was found to be statistically meaningful (p<0.05). The expression of CHAD, COMP, IL-1β, and MMP-7 were reported to significantly decrease in the DAP applied group samples, and all these results were found to be statistically significant p<0.05).
█ DISCUSSION
In cases such as septic arthritis, osteomyelitis, and spondylodiscitis, antibiotics can be used in long-term, high, and repeated doses (7, 22, 25, 38) . In addition to their side effect profile, antibiotics used in this way may also have adverse effects that cause toxicity, particularly during surgery, to avoid such negativities (9,10,17, 22, 25, 27, 31) . RQ = 0.9, respectively. However, CHAD gene expression was 1.4-fold higher in the control group than the DAP applied group (p<0.05). In contrast to CHAD, COMP gene expression increased 2.3-fold in the control group at 24 hours but decreased by 30% in DAP applied cultures (p<0.05). In the control group, COMP expression was 3.3-fold higher than that of the DAP applied cultures. Similarly, IL-1β gene expression was 3.9-fold higher in in the control group than cultures treated with DAP. The expression of the MMP-7 gene in the control group decreased by 30%, whereas it was not expressed in cultures in which DAP was applied (p<0.05). While the MMP-19 gene expression remained unchanged in the control group at 24 hours, it decreased by 40% in the DAP-administered cultures and expressed 1.6-fold less than the control group (Figure 3 ).
The number of live cells increased in both the control group and in the cultures treated with DAP at 48 hours. Although there were more cells in the DAP applied cultures than the control group, after AO/PI staining, it was observed that some of the cells began to die with apoptosis in the DAP applied cultures (Figure 2A-U) . Furthermore, although the cells maintained their vitality in this group, their morphology began to change and deteriorate (Figure 2A-U) . When gene expressions were examined in 48 hours samples, a 2.5-fold decrease in CHAD, a 2.4-fold decrease in COMP, a 10.6-fold decrease in IL-1β, and a 2.5-fold decrease in MMP-7 expression were determined in the DAP applied cultures compared to the control group (p<0.05). There was no significant change in the expression of the MMP-19 gene (Figure 3 ). intact human intervertebral disc tissue. The cytotoxicity of DAP to the NP/AF cells and ECM components was tested at the pharmaco-molecular level in these prepared cultures.
Human CHAD has been reported to modulate chondrocyte differentiation by affecting collagen fibrillogenesis. It was been reported that the negative regulatory role of CHAD affects the formation of as table ECM. In addition, thanks to CHAD helps many members of the leucine-rich repeat protein family that is present in articular cartilage to interact with collagen and affect collagen fibrillogenesis (18, 33, 46) .
When examining MTT results, it was observed that cell proliferation continued in both DAP-administered cultures and the control group (p<0.05). We performed our study using primary cultures established from intact AF/NP tissues.
An important contribution of our study is that the primary cultures that we established have a heterogeneous structure that contains almost all elements of the tissue from where it originated.
Microscopic examinations at 48 hours and 72 hours revealed morphological deterioration and apoptotic cell death in AO/PI staining in cultures treated with DAP. However, the cells that secured their vitality in these cultures continued to proliferate. The fact that there was no difference between the cultures treated in the MTT assay and the control group is probably due to this. In our primer cultures consisting of heterogeneous cell types, it is likely that some cells may have resisted the effects of DAP. DAP is used in particular to prevent post-operative infections. It is undoubtably important for preventing possible infections. However, apoptosis in the tissue may have a strong negative affect on the natural healing process. In the process of tissue healing, perhaps the most important marker would be the cells that protect their vitality and can form and attach to the ECM. For this reason, it is important that AF/NP cells express genes such as CHAD and COMP, which are important for ECM maintenance and the relation between cells and the ECM.
In our quantitative RT-PCR analyses, the expressions of CHAD and COMP genes were observed to be significantly reduced in DAP-administered cultures compared to the control group (p<0.05). The deterioration in cell morphology that was observed at 48 hours and 72 hours in cultures treated with DAP may be explained in part by the decrease in the expression of these genes.
IL-1β gene expression was also evaluated to be able to respond in part to the questions whether there is degeneration in the cultured intact AF/NP cells and whether ECM destruction is occurring in these cultures. Increased IL-1β in in vitro conditions is due to ECM degradation observed in patients with inflammation. The fragments resulting from ECM degradation induce IL-1β secretion of AF/NP cells. In cultures treated with DAP, the expression of IL-1β genes was significantly decreased time-dependently (p<0.05). This may be regarded as a sign of protection of the intact form of cells that managed to escape from apoptosis in the cultures. In addition, the expression of MMP-7 and MMP-19 genes, which function in the degradation of COMP protein that allows the binding of the ECM components and cells to the The local administration of antibiotics-such as the use of antibiotic-containing cement chains, antibiotic-impregnated absorbable haemostatic sponges, or gels and grafts to prevent intra-operative prophylaxis and/or infection-looks promising in the field of neurosurgery (10,12,41). However, even when used locally, toxic effects were reported in the literature (10). Many studies have revealed the toxic effects of antibiotics on vertebra, bone, and cartilage tissue, and this has put restrictions on surgeons working in the relevant fields (25) .
Many drugs taken into the body by any means, whether orally or parenterally, accumulate in the synovial fluid compartment.
In addition, studies have reported that DAP accumulates in the synovial fluid following its administration into the body (1,7,19-21, [23] [24] [25] 42, 43) .
The side effects of DAP have been reported widely in the literature and product monographs and prospectuses (5, 11, 28, 39, 45) . However, no research has been found in the literature regarding the effect of this glycopeptide agent on the intervertebral disc tissue cells.
This study, which is the first in the literature, aims to evaluate the effect of DAP on proliferation in primary cell cultures isolated from intact human intervertebral disc tissue. The proliferation of cells was evaluated qualitatively and quantitatively. In addition, the value of CHAD-which is one of the NP-specific marker proteins and related to the development of the spinal cord and the dorsal column-was calculated (25) . The gene expression levels of COMP (37), IL-1β (16,37), MMP-7, and MMP-19 (16,37) were also analyzed.
Only a few antibiotics, including the glycopeptide group of antibacterial agents and the quinolone group, were evaluated in terms of the chondrotoxicity in the cytotoxic studies (1,7,10,14,15,19-21, [23] [24] [25] 42, 43, 44) .
When reviewing the literature, it is seen that toxicity studies were generally performed with the tissues obtained from animals (1,7,10,19-21, [23] [24] [25] 42, 43) . However, it has been indicated that the sensitivity of human and animal tissues is different, and therefore the results obtained from studies of animal tissues may not be applicable to human tissues and assuming otherwise may be misleading (1,7,10,19-21, [23] [24] [25] [42] [43] [44] .
Other than the cell cultures prepared after the resection of animal tissues, the commercial cell line systems can be used when investigating the cytotoxicity of a drug (1,7,10,19-21, [23] [24] [25] 42, 43) . However, the commercial cell lines contain a single cell type and do not have the complex coordination of cells with their microenvironment and ECM structure. Tests are complicated as a result of the inability of the drug to interact with microstructures, such as the ECM in the cell and its surroundings. Moreover, since the genetic structure of the cells in the cell line has been modified, the cells do not have the genotypic and/or phenotypic characteristics that they have in the human body (1,7,19-21, [23] [24] [25] 42, 43) .
For these reasons, neither commercial cell lines nor animal tissues were used in this research. To obtain reliable results, the primary cell cultures were prepared from surgically obtained extracellular matrix, was evaluated. The expression of genes encoding these proteolytic enzymes was reduced by DAP application. Therefore, it may be suggested that the use of DAP in treatment will not increase inflammation in patients.
These cultures have heterogeneous populations that include all the cell types of the original tissue as well as matrix elements. The fact that the study was performed in primary cultures is an important aspect of our study, as the results we obtained are the closest to those that can be obtained from the original tissue.
█ CONCLUSION
In this molecular-based research, it was observed that DAP, particularly when used to treat surgical infections caused by MRSA, did not adversely affect the proliferation of intact human primary intervertebral disc tissue in cell cultures. The drug doses administered were calculated according to the amount intended to reach the tissue via systemic administration, and the DAP doses that were studied in different tissues in the literature. Since our study was not a dose-response study, the applications were performed in a single dose. It may be said that the clinical application of the specified doses is safe in terms of cell viability. However, with the exception of the doses and durations mentioned in the study, the positive and negative effects of DAP administered in increasing doses and over prolonged periods on the viability of the cell population and gene expressions cannot be determined with the results obtained from this study. 
